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Introduction 


Advances  in  medical  knowledge  and  technology  have  created  new  opportunities  for  disease 
specific  diagnosis  and  treatment.  The  increase  in  and  eomplexity  of  medical  data  at  various 
levels  of  resolution  has  inereased  the  need  for  system  level  advancements  in  elinical  decision 
support  systems  that  provide  computer-aided  analysis  for  diagnostics  and  treatment.  In  order  to 
faeilitate  a  more  rapid  and  systematic  transfer  of  new  medieal  knowledge  and  capabilities  into 
mainstream  elinieal  practice,  a  new  Medieal  Information  Network  Deeision  Support  (MINDS) 
system  was  proposed.  This  system  is  intended  to  be  a  platform  for  storing  and  fusing  medieal 
data  aeross  all  levels  (e.g.  from  low-level  genomic  and  proteomic  data  to  higher  level  clinical 
data)  in  a  standardized  way,  and  provide  probabilistie  diagnostic  and  treatment  deeisions  to  assist 
doctors  and  medical  researchers  in  understanding  and  treating  disease.  This  tools  is  viewed  as 
complementary  to  the  many  other  information  teehnologies  that  are  streamlining  the  health  care 
administration  proeesses  and  empowering  patients  through  web-based  informational  tools.  The 
pilot  application  will  be  targeted  to  breast  caneer  diagnosis  and  treatment,  and  later  expanded  to 
other  diseases.  The  system  will  build  upon  the  information  fusion  and  decision  architecture 
technology  that  is  currently  being  developed  in  the  Missile  Defense  community  and  apply  it  to 
the  medieal  seience  of  identification,  tracking,  and  treatment  of  disease.  It  will  provide  initial 
diagnostic  and  treatment  models  for  breast  caneer,  and  refine  those  models  using  validated,  state- 
of-the-art  researeh  techniques  applied  to  elinical  data,  medical  imaging  data,  experimental 
proteomics  data,  and  cell-based  experimental  data.  The  ultimate  goal  is  to  provide  a  rapid  and 
systematic  introduction  of  the  latest  medieal  knowledge  and  teehniques  into  mainstream  medical 
practice  throughout  the  medieal  community  and  within  large  national  systems. 

Body 

Project  Summary  and  Revisions 

The  MINDS  project  was  envisioned  to  begin  as  a  three-year  congressionally  funded  researeh 
project  that  was  based  on  three  phases  of  funding  to  be  provided  between  the  2006  and  2008 
federal  fiscal  years.  The  total  anticipated  funding  for  all  three  phases  was  $10  million.  Due  to 
several  factors  affecting  the  federal  budget  proeess  the  total  congressional  funding  provided  to 
date  is  $2  million,  out  of  whieh  approximately  $850K  has  been  awarded  to  TeehFinity.  Another 
$850K,  approximately,  is  awaiting  approval  of  the  continuation  request  that  will  be  submitted 
later  this  year. 

Due  to  the  limitation  in  the  funding,  it  has  been  difficult  to  secure  the  resources  of  a  medieal 
researeh  partner,  as  well  as  hire  the  additional  TeehFinity  staff  required  to  support  the  project 
goals  that  were  originally  laid  out  in  the  proposal.  As  a  result  it  has  been  neeessary  to  scale  back 
the  scope  of  the  original  projeet  in  order  to  target  the  available  resourees  to  a  more  focused 
researeh  program.  The  primary  modifications  will  encompass  the  following; 
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•  Limiting  the  scope  of  the  medical  data  types  that  will  be  considered  in  the  development 
of  the  initial  prototype  decision  support  models  for  breast  cancer  diagnostics  and 
treatment  (specifically  image  data,  including  X-ray,  Ultrasound,  MRI,  medical/family 
history  related  to  breast  cancer,  pathology  data,  limited  set  of  clinical  data  that  is 
generally  considered  to  be  more  accurate  for  risk  prediction).  A  starting  sample  size  of 
less  than  500  patients  will  be  utilized  to  begin  the  initial  model  development.  It  is 
anticipated  that  baseline  diagnostic  and  treatment  models  will  be  developed  such  that  the 
initial  prototype  can  provide  diagnostic  and  treatment  recommendations  to  a  doctor  that 
are  consistent  with  what  a  typical  patient  would  receive  at  a  hospital  or  clinic.  It  is 
important  to  establish  such  a  baseline  model  and  computer-generated  output  for  the 
credibility  of  the  computer  model  and  as  a  benchmark  for  future  model  improvements 
that  will  incorporate  more  advanced  technologies  and  additional  sources  of  data  (e.g. 
genomic,  proteomic  data)  that  become  available.  A  key  research  objective  in  the 
development  of  the  models  will  be  to  determine  how  a  suitable  probabilistic  measure  can 
be  attached  to  the  various  types  of  inputs  that  are  provided  to  the  fusion  engine. 

•  Emphasizing  the  development  of  the  MINDS  system  architecture  and  software 
framework  with  the  goal  of  enhancing  the  interoperability  of  existing  research 
technologies  that  are  currently  in  use  or  under  development  at  breast  cancer  research 
centers.  This  would  entail  identifying  research  labs  or  centers  that  have  specific 
advanced  technologies  that  provide  key  information  relevant  to  breast  cancer  diagnostics 
or  treatment,  and  working  with  them  to  integrate  their  various  toolsets  or  other 
capabilities  within  an  integrated  decision  support  framework. 

•  Initiating  small-budget,  limited-hour  consulting  contracts  to  medical  research  consultants 
for  the  purpose  of  helping  to  enhance  the  more  targeted  use  of  the  available  funding  and 
to  better  identify  suitable  medical  research  partners. 

The  current  MINDS  contract  detailed  four  tasks  in  the  statement  of  work.  A  summary  of  each 
task  and  progress  made  to  date  is  described  below. 

Task  1:  MINDS  System  Enhancements  to  Clinical  Decision  Support  Initiatives 

The  general  purpose  of  this  task  is  to  provide  a  comprehensive  summary  background  on  the 
current  status  of  health  information  technology  (HIT)  and  clinical  decision  support  (CDS)  tools 
and  initiatives  that  would  be  relevant  to  some  aspect  of  the  MINDS  system  concept.  The  goal  of 
this  survey  is  to  provide  a  clear  description  of  what  current  technologies  and  initiatives  exists  in 
these  areas,  and  highlight  the  advanced  contributions  that  MINDS  system  would  make  in  the 
broader  HIT  and  CDS  arena. 


A  key  part  of  this  survey  is  the  identification  of  existing  standards  and  protocols  that  are 
currently  utilized  by  the  medical  industry.  These  standards  will  be  evaluated  for  their  usefulness 
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in  the  current  MINDS  project  as  first  step  in  making  the  MINDS  system  compatible  with  the 
existing  medical  network  infrastructure  so  that  it  will  more  easily  interface  with  existing 
equipment,  tools  and  information  networks. 

Another  key  part  of  the  survey  is  an  evaluation  of  prior  and  existing  clinical  decision  support 
systems  that  have  been  utilized  in  breast  cancer  research  and  clinical  practice.  An  analysis  will 
be  done  to  determine  which  of  the  existing  techniques  are  useful  within  the  proposed  MINDS 
system  architecture. 

Finally,  the  survey  will  identify  key  areas  of  improvement  that  will  be  pursued  in  future  funding 
cycles  in  order  to  develop  improved  decision  support  algorithms,  data  formats  and  modernized 
data  structures,  and  general  system  architecture. 

The  survey  begins  by  examining  the  need  for  innovation  in  the  area  of  clinical  decision  support. 
While  the  perceived  benefits  of  these  types  of  systems  have  been  suggested  for  decades,  there 
still  remains  a  conspicuous  lack  of  implementation  of  such  systems,  and  there  don’t  appear  to  be 
any  series  efforts  in  the  development  of  systems  that  integrate  existing  capabilities  into  a  larger 
decision  support  system  (see  Figure  1). 


Perceived  Benefits  of  CDS  ...Yet,  Implementation 

have  Existed  for  Decades...  Today  Remains  Sporadic 


•  Reduction  in  doctor 
error 

•Improvement  in 
efficiency  of  healthcare 
operations 

•  Reduction  in  costs  of 
healthcare  services 

•Improvement  in 
overall  quality  of 
healthcare  and 
availability  of  services 


“CDS  usage  remains 
spotty  at  best,  most 
prevalent...  at 
academic  medical 
centers,  less  so  in 
community  hospitals, 
and  almost  non¬ 
existent  in  office 

practice”  (Robert  Greenes, 
Clinical  Decision  Support:  The  Road 
Ahead.  2007) 


There  exists  “a  large  chasm  between  today’s  system  and  the  possibilities  of  tomorrow.  ” 

(National  Academies  Institute  of  Medicine,  "Crossing  the  Quality  Chasm:  A  New  Health  System  for  the  21st  Century,’’  2001) 


Rguie  1:  Benefits  -  Implementation  Chasm  for  Clinical  Decision  Support 

The  survey  provides  an  overview  of  the  key  domain  areas  of  clinical  information  systems  (CIS) 
in  general.  We  have  identified  six  core  areas  where  clinical  information  systems  have  provided 
some  level  of  computerized  or  automated  support  to  the  medical  community  (see  Figure  2). 
Each  of  these  core  areas  is  further  regulated  by  an  underlying  set  of  quality  control  rules,  ethical 
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practices,  and  government  regulation.  The  key  eontributions  that  we  antieipate  the  MINDS 
system  providing  to  the  broader  CIS  are  in  the  medical  /  clinical  decision  support  area,  and  in  the 
research  and  training  support  systems. 


Medical /Clinical 
Decision  Support 

Diagnostics  and  Prediction 
■Treatment  Management 


Administration 

•  Billing 

Patient  Admission  and 
Registration 


Medical /Clinical 
Resources 
Management 


Research  and 
Training  Support 
Systems 


Medical /Patient 
Data  Systems 


Medical  Standards 

•  Data  Representation 
•  Protocols 


Electronic  Health  Records 
•  Medical  Data  Networks 


Ethics,  Quality  Control,  and  Government  Regulation 


Figure  2:  Sfoc  Domains  of  Clinical  Inibnnation  ^sbems 

In  the  Medical/Patient  Data  Systems  area,  there  are  three  eore  subareas  that  are  currently 
receiving  the  most  attention  in  terms  of  health  information  technology  development.  These 
inelude  development  efforts  in  eleetronic  health  records  (EHR),  in  regional  health  networks,  and 
in  online  services.  The  core  foeus  of  national  HIT  efforts  have  been  in  developing  standardized 
digital  EHR  for  use  by  different  hospitals,  elinics  and  other  medieal  institutions.  Initially  there 
was  also  interest  at  the  national  level  in  developing  a  nation-wide  health  information  network 
that  would  serve  as  a  network  baekbone  for  various  medical  institutions,  but  those  efforts  at  the 
national  level  have  currently  been  put  on  hold.  The  eurrent  efforts  in  developing  medical 
information  networks  are  oceurring  primarily  at  the  regional  level,  where  hospitals  and  their 
affiliated  outpatient  elinies  and  other  service  eenters  are  all  linked  by  a  common  network  and  can 
share  information  that  has  been  put  in  standardized  medieal  record  formats.  A  third  key  area  that 
has  been  emerging  in  the  last  couple  of  years  is  online  medical  services  that  are  primarily  patient 
driven.  These  websites  provide  libraries  of  medical  information  and  also  allow  patients  to 
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upload  medical  information  that  can  then  be  shared  with  medical  service  providers.  The  major 
software  companies  have  been  leading  the  way  in  this  area  including: 


•  Revolution  Health  (started  by  Steve  Case,  founder  of  AOL) 

•  Microsoft  HealthVault 

•  Google  Health  (coming  online  soon) 

The  survey  will  examine  the  features  that  these  websites  will  provide  to  users,  as  well  as  look  at 
some  of  the  anticipated  capabilities  that  these  sites  may  try  to  provide. 

The  Medical  Standards  area  includes  several  classifications  of  standards  that  are  relevant  to 
different  aspects  of  the  decision  support  process.  These  areas  include: 

•  Terminology  /  Data  Standards  -  these  include  standardized  codes  for  medical  or 
laboratory  data,  standardized  classification  schemes,  and  other  data  formats  (examples 
include  ICD-10,  SNOWMED,  etc.) 

•  Medical  Concept  Standards  -  these  include  standardized  methodologies  for  representing 
medical  concepts  (examples  include  HL7-RIM  and  TIMES) 

•  Medical  Document  Standards  -  these  include  standards  for  preparation  of  medical 
documents  in  general  (examples  include  HE7-CDA  and  CCR) 

•  Messaging  and  Protocol  Standards  -  these  include  standards  for  electronic 
communication  of  medical  information  (examples  include  HE7  v2  and  v3,  DICOM, 
NCODO,  and  several  IEEE  standards) 

•  Medical  Application  Standards  -  these  include  standards  for  the  design  of  medical 
application  architectures  (examples  include  HE7-CCOW) 


The  Medical/Clinical  Decision  Support  area  consists  of  several  subsections  including: 

•  Computer-based  Physician  Order  Entry  (CPOE) 

•  Electronic  Prescribing 

•  Diagnosis  and  Disease  Propagation 

•  Optimized  Treatment  Strategies  and  Planning 

•  Preventative  Care  (Planning  and  Scheduling) 


The  CPOE  and  electronic  prescribing  tools  have  been  developed  successfully  and  are  not  of 
primary  interest  in  the  MINDS  system.  However,  the  automation  of  data  analysis  to  provide 
doctors  with  support  of  diagnosis  and  disease  propagation,  treatment  planning  for  desired 
outcomes,  and  preventative  care  are  key  interest  areas  in  the  MINDS  system.  Additional 
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research  is  being  performed  on  some  of  the  existing  techniques  that  have  been  applied  to  the 
breast  cancer  problem. 

Task  2:  MINDS  Architecture  Design 

The  goal  of  this  task  is  to  develop  a  preliminary  design  of  the  system  level  architecture  needed  to 
support  MINDS.  The  general  decision  architecture  is  modeled  after  the  JDL  Fusion  model, 
which  has  been  adapted  to  fit  the  appropriate  medical  terminology  (see  Figure  3).  The  JDL 
model  helps  to  associate  a  data  level  with  the  processes  involved  in  analyzing  that  data.  These 
data  analysis  processes  can  also  be  mapped  to  medical  processes  that  can  be  supported  by  a  data 
analysis  process.  In  Figure  4  the  medical  processes  that  are  mapped  to  fusion  and  resource 
management  processes  are  described. 


Data 

Sources 


Level  0 
Sub-Object 
Assessment 


T 


Level  2 
Situation 
Assessment 


Level  3 
Impact 
Assessment 


a 


t 


r  \ 

Database  Management  System 


Level  4 
Process 
Refinement 


(C 

Support 

Database 

Fusion 

Database 

Human- 

Computer 

Interface 


Revised  JDL  Data  Fusion  Model  (1998) 

Based  on  Hall,  D.  L.  and  Llinas,  J.,  Handbook  of  Multisensor  Data  Fusion,  CRC  Press,  2001. 


Hguie  3:  Modified  J  DL  Fusion  Model  for  Medical  Decision  Support 
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Hgute  4:  Mappings  of  J  DL  Fusion  levels  and  Medicai  Processes 


As  the  decision  support  models  are  developed  and  refined,  the  specific  structures  of  the  decision 
support  modules  within  the  software  framework  will  be  developed. 

The  general  software  framework  upon  which  the  decision  support  architecture  is  built  is  a 
modular  system  that  provides  the  ability  to  interface  MINDS  with  other  systems  and  tools.  The 
functional  hierarchy  shown  in  Figure  5  shows  the  modular  structure  of  the  main  components 
needed  to  build  a  basic  system.  Each  module  may  consist  of  several  individual  packages  that  can 
be  included  to  form  a  particular  application.  Modules  are  reused  among  applications  that  have 
similar  functions.  The  modules  of  the  system  are  utilized  within  an  application  flow  diagram 
(see  Figure  6)  that  can  be  utilized  in  fusing  data  sources  and  generating  appropriate  data  models. 
The  system  architecture  will  support  an  initial  prototype  of  both  a  research  tool  (used  to  support 
development  models)  and  a  support  tool  (used  to  provide  decision  support  summaries  to 
doctors). 

The  modularity  of  the  system  is  further  enhanced  by  the  definition  of  different  software  layers 
(see  Figure  7)  that  allow  higher  level  processing  to  be  isolated  from  the  lower  level  messaging 
and  network  interface  protocols.  This  has  the  advantage  of  allowing  the  system  to  be  more 
easily  connected  to  other  systems  that  may  utilize  different  communications  or  messaging 
protocols  without  having  to  modify  the  basic  data  processing  elements.  This  will  improve  the 
overall  maintainability  of  the  system. 
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Figure  5:  MINDS Ftinctional  Hierarchy 
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Task  3:  Initial  Diagnostic  and  Treatment  Models  for  Breast  Cancer 

The  goal  of  this  task  is  to  create  a  modernized  data  structure  for  handling  patient  data  of  different 
types  that  will  be  utilized  by  the  decision  support  models.  Once  the  data  structures  are  created 
and  some  initial  data  sets  gathered,  preliminary  models  will  be  developed  for  diagnostics  and 
treatment  of  breast  cancer.  These  preliminary  models  will  provide  a  baseline  for  evaluation  of 
future  model  improvements.  The  baseline  models  are  expected  to  be  limited  in  scope  and 
complexity,  and  be  representative  of  the  current  level  of  care  that  may  be  provided  at  a  typically 
cancer  diagnosis  and  treatment  facility. 

Initial  efforts  to  start  this  portion  of  the  project  have  been  hampered  by  challenges  in  establishing 
subcontract  agreements  with  a  suitable  subcontractor  with  medical  domain  expertise  and  data. 
The  initial  plan  was  to  work  with  the  group  of  researchers  at  UCLA  department  of 
radiation/oncology.  This  effort  evolved  and  was  eventually  modified  to  be  a  joint  effort  in 
proteomics  analysis  by  the  RAD/ONC  and  surgery  departments.  Unfortunately,  a  suitable 
agreement  on  the  required  level  of  funding  to  support  UCLA  staff  and  students  was  not  achieved. 

A  subsequent  effort  to  work  with  Walter  Reed  Army  Medical  Center  and  Winbur  Research 
Institute  is  ongoing,  although  there  are  some  challenges  here  with  the  workloads  that  the 
WRAMC  and  WRI  staff  currently  supports. 
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TechFinity  is  also  in  discussions  with  other  UCLA  medical  school  staff  in  the  departments  of 
epidemiology,  and  researchers  at  the  breast  cancer  centers  at  Johns  Hopkins  University.  It  is 
hopeful  that  a  suitable  working  relationship  can  be  formed  to  begin  making  progress  on  this  task. 
In  addition  to  these  potential  opportunities,  TechFinity  will  also  be  hiring  consultants  to  help 
refine  the  actual  tasks  and  support  the  initiation  of  the  subcontracts. 

Task  4:  Initial  Planning  and  Experimentation  to  Enhance  Breast  Cancer  Modeling 

The  final  task  of  this  contract  is  to  develop  a  future  plan  and  roadmap  for  research  and 
experimentation  to  improve  upon  the  initial  baseline  models  for  breast  cancer  diagnosis  and 
treatment.  The  initial  task  as  outlined  in  the  statement  of  work  was  fairly  specific  to  the 
anticipated  working  relationship  with  UCLA  RAD/ONC.  As  this  is  currently  not  a  viable  option, 
this  task  will  be  revised  once  a  subcontract  has  been  issued  to  a  suitable  medical  partner. 

Key  Research  Accomplishments 

•  Clinical  Information  Systems  and  Health  Information  Technology  survey 

•  Preliminary  architecture  for  the  MINDS  system 

Reportable  Outcomes 

The  final  preparation  of  the  CIS  /  HIT  survey  is  underway  and  will  be  completed  before  the  end 
of  the  next  quarter. 

Conclusion 

The  accomplishments  of  the  first  phase  of  the  MINDS  project  during  the  first  year  have  been 
fairly  successful.  Significant  progress  was  made  on  the  first  two  tasks  and  the  report  on  the 
survey  will  be  delivered  during  the  next  quarter.  The  preliminary  MINDS  architecture  design  is 
on  track  to  be  completed  by  the  end  of  the  calendar  year.  There  have  been  some  setbacks  in 
establishing  the  working  relationship  with  a  medical  research  partner,  but  several  potential  routes 
of  collaboration  are  currently  in  negotiations,  and  the  additional  continuation  funding  will 
support  will  provide  the  additional  funds  to  help  enhance  the  subcontract  funding.  The  current 
funding  schedule  and  progress  is  summarized  in  Figure  8. 
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24.  MedicineNet  Breast  Cancer  Site  (www.medicinenet.com/breast  cancer/article.htm) 
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33.  Radiation  Therapy  Answers  Breast  Cancer  Site  (/www.rtanswers.org/treatment/disease/breast  cancer.htm) 

34.  Radiology  Info.com  Breast  Cancer  Site  (www.radiologvinfo.org/en/info.cfm?pg=breastcancer&bhcp=l) 

35.  RevolutionHealth  Breast  Cancer  Site  (www.revolutionhealth.com/conditions/breast-cancer/) 

36.  Science  Daily.com  Breast  Cancer  Site  (www.sciencedailv.com/news/health  medicine/breast  cancer/) 

37.  Topix.com  Breast  Cancer  Site  (www.topix.com/health/breast-cancer) 

38.  WebMD  Breast  Cancer  Site  (www.webmd.com/breast-cancer/default.htm) 

39.  Women’s  Healthcare  Forum  Breast  Cancer  Site  (www.womenshealthcareforum.com/breastcancer.cfm) 

Decision  Support  Tools  for  Breast  Cancer 

1 .  Dartmouth-Hitchcock  Medical  Center  Breast  Cancer  Toolkits 
(www.dhmc.org/webpage.cfm?site_id=2&org_id=844&morg_id=0&sec_id=0&gsec_id=43605&item_id=4360 
5) 

2.  Hologic  R2  Image  Checker  (www.r2tech.com/main/home/index.php) 

3.  Online  Breast  Cancer  Risk  Calculator  (www.halls.md/breast/risk.htm) 
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